We study the production and signatures of heavy exotic quarks pairs at LHC in the framework of the vector singlet model (VSM), vector doublet model (VDM) and fermion-mirror-fermion (FMF) model. The pair production cross sections for the electroweak and strong sector are computed.
I. INTRODUCTION
One of the major problems to be studied in particle physics concerns the spectrum of elementary fermions. Many models consider the possible existence of new generations of fermions, such as composite models [1, 2] , grand unified theories [3] , technicolor models [4] , superstring-inspired models [5] , mirror fermions [6] , etc., which predict the existence of new particles with masses in turn of the scale of 1 TeV. In this work, we will study the production mechanism for exotic-quarks at LHC. It is assumed here that the mixing between ordinary and exotic leptons are of the same flavour.
The three models that we consider here include new fermionic degrees of freedom, which introduce naturally a number of unknown mixing angles and fermionic masses [7] . These models are: the vector singlet model (VSM) [8] , which consists in the inclusion of new leftand right-handed fermions in singlets, the vector doublet model (VDM) [9] , that can arise at low energies in the 27 representation of E 6 theories and the fermion-mirror-fermion (FMF) model [6] , where the new particles are introduced to restore the right-left symmetry.
Exotic fermions mixed with the standard fermions interact through the standard weak vector bosons W + , W − and Z 0 , according to the Lagrangians [10]
and
where F and f are the exotic and standard fermions, Q are the exotic quarks, g ij V and g ij A are the corresponding neutral vector-axial coupling constants, and C ij V and C ij A are the charged vector-axial coupling constants, which can be obtained from Eq. (2) and are given in Table  I , for each of the three models that we study here.
We consider here that all mixing angles have the value θ i = 0.1, although phenomenological analysis [11] give an upper bound of sin 2 θ i ≤ 0.03. This means that the value of θ i can be scaled up to 0.173. 
The other coupling constants for the neutral heavy fermion interaction are given in Ref. [12] .
II. CROSS SECTION PRODUCTION AND RESULTS
The production mechanism can be studied through the analysis of the reactionqq(gg) → QQ, provided that there is enough available energy ( √ s ≥ 2M Q ). Such process takes place through the exchange of a photon, a Z 0 and a W in the s channel, which concerns electroweak interactions, and a quark and a gluon in the s and t channel, corresponding to the strong interaction.
For the pp colliders, the contribution of the Z and W exchange, despite the high energy, is expected to be of the same order as the photon exchange, since the couplings of exotic quarks to Z and W have a weak interaction strength but the mixing angles are not so weak, while for the photon we have a electromagnetic strength only.
Using the interaction Lagrangians, Eqs. (1) and (2), we first evaluate the cross section for the electroweak case involving a neutral current and obtain:
where
Q /s is the velocity of the exotic-quark in the c.m. of the process, c q is the charge of the quark, Q is the exotic quark andQ the exotic antiquark, M Z is the mass of the Z boson, √ s is the center of mass energy of the qq
(1 + β cos θ), where θ is the angle between the exotic quark and the incident quark, in the c.m. frame and the couplings g QQ V and g QQ A are given in [12] . For the charged current we obtain:
where M W is the mass of the W boson and C
QQ V
and C QQ A are given in Table I . The total cross section for the process pp →→QQ is related to the subprocess→QQ total cross sectionσ, by
, with s being the center-of mass energy of the pp system, and q(x, Q 2 ) is the quark structure function. The strong production of heavy standard quarks is very well studied and those results can be used to the exotic quarks. With respect to the gluon fusion there is an additional enhanced process to be considered. This process is regulated by the axial part of the Z boson and a Higgs. The exchange of a photon is not allowed by C conservation (Furry's theorem). The contribution of the Z boson is given by
and of a Higgs by
where the summations run over all generations. T 
, with, r ± = 1 ± (1 − 4λ i ) 1/2 and λ i = m 2 i /ŝ. Here, i = q stands for the particle (quark ) running in the loop.
We have also defined
with Γ H being the width of the Higgs boson.
The total cross section for the process pp → gg →QQ is related to the subprocess gg →QQ total cross sectionσ by
, with s being the center of mass energy of the pp system, and
2 ) is the gluon structure function. In Fig. 1 we show the cross sections for the production of exotic U-quarks, (for the D-quarks, the results for the cross section are similar),pp → γ, Z →ŪU, we see that for the three models that we are considering the cross section are similar one to another. In all numerical calculations we take sin 2 θ W = 0.2315, M Z = 91.118 GeV, M W = 80.33 GeV and used the distribution functions given by M. Glück, E. Reya and A. Vogt [13] . Considering that the expected integrated luminosity for the LHC will be of the order of ∝ 10 5 pb −1 /yr, and taking the mass of the quark-U equal to 500 GeV, we expect to have a total of ≃ 10 3 exotic quark pairs produced per year. Fig. 2 shows the cross section for the production of exotic-U quarks,pp → W →Ū U, for the VDM and for the FMF model. For the quark mass of 500 GeV we expect a total of ∝ 10 4 exotic quarks pairs produced per year for the VDM, while for the FMF we estimate a total of ∝ 3.10 3 events per year. In Fig. 3 we present the cross sections for the gluon fusion mechanismpp → gg →Ū U. For the same mass of 500 GeV we obtain, for the VDM model ∝ 10 4 quark pairs produced per year and ∝ 3.10
4 for the FMF model. In this case we take the mass of the Higgs equal to 100 GeV.
In Fig. 4 we compare the cross sections as for the electroweak case and as for the strong case. We observe that for large masses of exotic quarks, (more than 500 GeV), the cross sections for the electroweak case begins to be competitive with the strong case, that is, for every 100 events produced by the strong case we have 15 to 20 events produced by the electroweak case.
We make use of p T distributions to try to distinguish the signatures of the strong and electroweak cases. Fig. 5 shows the distribution of p T for the exotic quarks. We see that the exotic quarks signal for the electroweak case is below for the QCD-case. We take in this case for the mass of the exotic quarks equal to 600 GeV. Fig. 6 shows the distribution of transverse mass M T (qe, ν). We see from the figure a Jacobian peak near the M T = M Q . The transverse mass is defined by [14] 
where from here we know some information about the recoil q-jet. The QQ events with real W decays are distinguished from the electroweak single and pair production of W's by the form of their decays, while for the heavy quark we have an odd number of quarks for the W we have an even number respectively. It is necessary to point out that the process involving a boson Z to gluon-gluon fusion for VSM and VDM-quarks gives a negligible contribution compared to the FMF-quarks, due to the small mixing angles. Figure 5 : p T distributions forQQ production: for exotic quarks mass equal to 600 GeV. Figure 6 : Normalized distribution of transverse mass M T (qe, ν) forQQ production: (a) for exotic quark mass equal to 300 GeV (solid line); (b) for exotic quark mass equal to 500 GeV (dashed line).
